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Introduction
Existing theories of comparative development have highlighted a variety of proximate and ultimate factors underlying some of the vast inequities in living standards across the globe. The importance of geographical, cultural and institutional factors, human capital formation, ethnic, linguistic, and religious fractionalization, colonialism and globalization has been at the center of a debate regarding the origins of the differential timing of transitions from stagnation to growth and the remarkable transformation of the world income distribution in the last two centuries. While theoretical and empirical research has typically focused on the contemporaneous effects of such factors or their influence in giving rise to and sustaining the large disparities in income per capita across the globe, attention has recently been drawn towards prehistoric factors that have been argued to affect the course of comparative economic development from the dawn of human civilization to the modern era.
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Economic integration and agglomeration have been commonly viewed as beneficial factors in the process of development, reflecting the virtues of technological diffusion and trade. Nevertheless, the diminished ability of geographically isolated societies to benefit from advancements in the world technological frontier, may have induced an independent process of technological advancements, fostering a long-lasting cultural environment conducive to innovations. Moreover, the reduced threat of predation in geographically isolated societies, plausibly enhanced the protection of property rights, fostering the allocation of resources towards investment and innovations, and contributing to the emergence of a persistent cultural atmosphere beneficial for economic development.
While the prevailing conventional wisdom suggests that geographical and thus economic agglomeration have been predominantly virtuous over the course of human history, anecdotal evidence and, in particular, the remarkable performance of China in the midst of self-imposed isolationist policies, suggests that a-priori one cannot reject the hypothesis that some degree of geographical isolation may have been optimal in certain historical periods. Moreover, if indeed geographical isolation fostered a persistent cultural environment that promoted innovations, variation in the degree of geographical isolation in the distant past may have played a significant role in the process of development, thereby contributing to the prevailing variation in economic development across the globe. This paper exploits cross-country variation in the degree of geographical isolation, prior to the advent of sea-faring and airborne transportation technologies, to examine its impact on the course of economic development through history. It establishes that prehistoric geographical isolation has generated a persistent beneficial effect on the process of development and contributed to contemporary variations in economic development across the globe. In particular, contrary to conventional wisdom, the findings suggest that the degree of prehistoric geographical isolation within the Old World has generated a beneficial effect on economic development in the present as well as in the past, and that this effect dominates the adverse effect of isolation arising from diminished technological diffusion.
Cross-Country Evidence
This study investigates empirically the impact of prehistoric geographical isolation on the course of comparative economic development. Specifically, it examines the explanatory power of the cross-country variation in the degree of geographical isolation in the distant past for the global distribution of population density in the years 1 CE, 1000 CE, and 1500 CE, and of income per capita in the year 2000 CE.
The Cross-Country Sample
The analysis is restricted to the Old World (i.e., Europe, Asia, and Africa) excluding sub-Saharan Africa. This sample is natural in the context of this study for several reasons. First, the Old World (excluding sub-Saharan Africa) is characterized by the early rise of interdependent, advanced civilizations, and thus appears most likely to capture the intensity of the trade-offs associated with the degree of isolation. Second, the broad cross-continental population flows in the post-colonial era and the significant transformations that they have brought to the sociocultural and institutional makeup of the native populations of the New World and sub-Saharan Africa prevent the identification of the effect of the degree of geographical isolation in the distant past within these regions (via the intergenerational transmission of cultural traits in native populations) on their contemporary levels of economic development.
2 Third, the absence of spatial interactions between societies of the Old and New Worlds since the disappearance of the Bering land bridge (prior to the advent of the Neolithic Revolution) and until the voyage of Columbus in the late 15th century suggests that the inclusion of prehistoric geographical distances between the Old and New Worlds would dilute and obscure the identification of the potential trade-offs associated with isolation, since such trade-offs would clearly not be present in the same scale in hunter-gatherer societies (given their more localized interactions and the inherent glacial pace of their technological advancements).
The Index of Isolation
In order to establish the causal effect of the degree of isolation on economic development, this study develops a novel measure of geographical isolation prevalent in the distant past. The index reflects the average time required to travel from the capital of a country to each square kilometer of land on the surface of the earth, along land routes that minimize travel time in the absence of maritime and airborne transportation technologies.
Restricting attention to isolation of countries in relation to all other locations in the entire Old World, the average time required to travel from any other location within the Old World to the capital city of a country within the Old World, excluding sub-Saharan Africa, is 7.5 weeks. This is the level of isolation associated with China. In contrast, traveling to Georgia, the least isolated country in the Old World requires on average 5.5 weeks, while the journey to Malaysia, the most isolated country in the Old World, requires 12.1 weeks.
For any given country, the index of isolation, as mentioned above, is the unweighted average of the time required to reach the country's capital along costminimizing paths. Using an alternative index of isolation that is restricted only to the average time required to travel from the capital of a country to all other capitals does not qualitatively alter the main empirical findings. The employed index, however, is superior as it does not suffer from potential endogeneity arising from the fact that the locational choice involved during the emergence of major urban centers was not orthogonal to the spatial distribution of existing cities.
The index of isolation advanced in this paper therefore permits the exploitation of exogenous variation in the degree of isolation, prior to the advent of sea-faring and airborne transportation technologies, in order to identify the impact of prehistoric geographical isolation on the course of economic development through history.
Isolation and Development in the Historical Period
This section examines the effect of geographical isolation in the distant past on economic development in the pre-colonial era. The examination of comparative development in the pre-colonial era, when societies were in their agricultural stage of development, requires the interpretation of economic outcomes from a Malthusian equilibrium point of view. As established in the cross-country analysis of Ashraf and Galor (2008a) , during this era technological advancements and natural land productivity were channeled primarily towards population growth, while income per capita remained stagnant in the long-run. Comparative economic development in this epoch was therefore reflected by population density as opposed to income per capita. In light of this argument, in its first stage, this research examines the effect of prehistoric geographical isolation on population densities in the years 1 CE, 1000 CE and 1500 CE.
In line with the assertion that prehistoric geographical isolation may have conferred a predominantly beneficial effect on economic development during the pre-colonial era, the regression presented in Column 1 of Table 1 reveals the unconditional positive relationship between the isolation index and log population density in the year 1500 CE. Specifically, the OLS coefficient estimate, which is statistically significant at the 5% level, implies that a 1 week increase in the average time required to walk to a country's capital from all locations in the Old World is associated with a 25% increase in its population density in the year 1500 CE.
The regression presented in Column 2 separates the gross beneficial effect of isolation from its detrimental effect, arising from the diminished spatial diffusion of technologies. Specifically, it introduces a control for the distance to the closest regional technological frontier (along land routes that minimize travel time). These regional centers of technology diffusion are derived by Ashraf and Galor (2008b) who employ historical urbanization estimates from Chandler (1987) to identify frontiers human mobility under various topographical and meteorological conditions as reported by Hayes (1996) . based on the size of urban populations.
4 In addition, the regression in Column 2 also accounts for potential spillovers that might have occurred from frontiers other than the closest one, by controlling for the average distance to other non-local technological frontiers. Consistently with priors, the beneficial effect of isolation increases in both magnitude and significance once the detrimental effect due to diminished spillovers from technological frontiers is accounted for. Moreover, in line with the diffusion channel, the distance to the closest technological frontier has a significant negative impact on the level of development.
In light of the fact that other geographical factors may have an impact on population density, the regression presented in Column 3 augments the analysis with controls for: (1) the arable percentage of land and proximity to waterways that affects natural land productivity and trade and are thus expected to contribute to population density, (2) absolute latitude that captures the potential effect of variation in climatic conditions on population density, and (3) the number of years elapsed since the occurrence of the Neolithic Revolution, as a proxy for the level of agricultural productivity and technological advancement (Diamond, 1997) . Furthermore, to ensure that the effect of isolation on development is not simply a reflection of the scale of surviving isolated economies, the analysis is further augmented with land area as an additional control variable.
Interestingly, the beneficial effect of isolation increases even further in magnitude once the specification is augmented with these additional controls in Column 3. In particular, the increase in the marginal effect of isolation is symptomatic of the fact that the Neolithic transition occurred first in the Fertile Crescent (one of the least isolated regions in the Eurasian landmass) and gradually diffused thereafter to more isolated regions, thereby implying a negative correlation between the degree of geographical isolation and the timing of the Neolithic Revolution. As such, by controlling for the timing of the Neolithic transition, the analysis accounts for an additional detrimental effect of geographical isolation arising from the delay in the diffusion of the new agricultural mode of production. Moreover, in line with the predictions of the Malthusian theory, the timing of the Neolithic transition and the arable percentage of land are both found to have a significant positive effect on population density.
The regression in Column 4 examines the robustness of the results with respect to unobserved continental fixed effects. Reassuringly, the results indicate that the average continent-specific effect of isolation estimated in Column 4 is remarkably similar in magnitude in comparison to the cross-continental effect estimated in Column 3. In particular, the coefficient of interest from Column 4 implies that, conditional on distances to regional technological frontiers, the timing of the Neolithic, land productivity, and continental fixed effects, a 1 week increase in the average time required to travel to a country's capital from all locations in the Old World is associated with a 38% increase in population density in the year 1500 CE. This effect of isolation on population density in the year 1500 CE is depicted on the scatter plot in Figure 1 . Finally, Columns 5 and 6 demonstrate that geographical isolation has a similar effect on population density in the years 1000 CE and 1 CE respectively.
Figure 1: Geographical Isolation and Population Density in 1500 CE
Notes -The figure illustrates the partial regression line for the effect of geographical isolation on log population density in the year 1500 CE, while controlling for the influence of distance to the regional frontier, the timing of the Neolithic Revolution, the arable percentage of land, absolute latitude, land area, the average distance to non-local frontiers, proximity to waterways, and continent fixed effects. Thus, the x-and y-axes plot the residuals obtained from regressing isolation and log population density, respectively, on the aforementioned set of covariates.
Thus, consistent with the proposed hypothesis, the analysis establishes that, despite its detrimental effect through the channels of technological diffusion and trade, prehistoric geographical isolation has indeed conferred a persistent beneficial effect on economic development over a prolonged period of time in the pre-colonial era.
Isolation and Development in the Contemporary Period
The effect of isolation in the distant past on contemporary comparative development is examined in Table 2 . It presents the results of regressions examining the effect of geographical isolation on income per capita in the year 2000 CE. In accordance with the hypothesis that the beneficial effect of geographical isolation on economic development may have persisted to the modern era, Column 1 reveals the unconditional positive relationship between the index of geographical isolation and log income per capita in the year 2000 CE. In particular, the estimated regression coefficient, which is statistically significant at the 1% level, implies that a 1 week increase in the average time required to walk to a country's capital from all locations in the Old World is associated with a 27% increase in income per capita in the year 2000 CE, a correlation that is remarkably similar to that observed between isolation 5 and population density in the year 1500 CE.
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To disentangle the historically persistent beneficial effect of isolation from its contemporaneous effect (as determined by modern transportation technologies), the regression analysis in Column 2 introduces a control for the average aerial distance from all other capital cities in the world. As one might expect, the persistent beneficial effect of isolation indeed increases in magnitude once the conventional detrimental effect of isolation is controlled for by the analysis. Moreover, consistently with the gravity model, aerial isolation in the contemporary period has a detrimental effect on economic development.
Maintaining symmetry with the historical analysis, Column 3 augments the current investigation with controls for the timing of the Neolithic Revolution and geographical factors gauging the quality and quantity of land. The results indicate that the historically persistent beneficial effect of geographical isolation remains qualitatively robust, maintaining statistical significance and increasing somewhat in magnitude, under these additional controls. Moreover, the long-run persistence of the beneficial effect of the Neolithic Revolution is evident in Column 3, as is the negative association between economic development with the extent to which economies are agriculturally intensive. Finally, as in the historical analysis, the regression specification is further extended to account for unobserved continental fixed effects. As reported in Column 4, the persistent beneficial effect of prehistoric geographical isolation is as prevalent and significant within continents in the modern era as it is across continents.
The robustness of the proposed isolation channel with respect to other determinants of development that have received attention in the literature is assessed in Column 5. Specifically, the analysis introduces controls for (1) the quality of institutions, as captured by the degree of institutionalized constraints on the discretionary power of chief executives, (2) the likelihood of civil conflict and inefficiencies in the provision of public goods, as reflected by the level of ethnic fractionalization, and (3) the disease environment, as revealed by the fraction of the population at risk of contracting malaria.
The results indicate that the proposed isolation channel retains a highly statistically significant beneficial effect on economic development despite these additional controls. The coefficient on geographical isolation, reflected by the slope of the regression line in Figure 2 , implies that, conditional on aerial isolation, the timing of the Neolithic Revolution and factors gauging the productivity of land, as well as controls for institutional quality, disease environment, and continental fixed effects, a 1 week increase in the average time required to travel to a country's capital from all locations in the Old World is associated with a 39% increase in income per capita in the year 2000 CE. In contrast, the effect of these additional channels appear to be non-robust within this sample of countries.
Finally, Columns 6 and 7 augment the analysis with controls for legal origins and the shares of major religions in the population, demonstrating that the 5 The difference in sample sizes between the historical and contemporary analyses arises from restrictions imposed by the more limited availability of data on the additional control variables for institutional quality, fractionalization and disease environment that are used in the income per capita regressions. Indeed, these sample restrictions are imposed throughout the table (even in regressions not employing the additional controls) in order to fairly assess the potential change in magnitude of the coefficient of interest once the additional controls are introduced into the specification. It should be noted that if the sample in Table 1 had been restricted to the 61 countries used in Table 2 , the qualitative results would not be altered.
Figure 2: Geographical Isolation and Income Per Capita in 2000 CE
Notes -The figure illustrates the partial regression line for the effect of geographical isolation on log income per capita in the year 2000 CE, while controlling for the influence of aerial isolation, the timing of the Neolithic Revolution, the arable percentage of land, absolute latitude, land area, constraints on the executive, ethnic fractionalization, malaria risk, proximity to waterways, and continent fixed effects. Thus, the x-and y-axes plot the residuals obtained from regressing isolation and log income per capita, respectively, on the aforementioned set of covariates.
isolation channel remains largely robust under these additional institutional controls that have also been argued to confer historically persistent effects on economic development.
Thus, consistently with the proposed hypothesis, the analysis establishes that, despite its detrimental effect via diminished technological diffusion and trade, isolation in the distant past has indeed generated a persistent beneficial effect on income per capita in the contemporary period.
Concluding Remarks
This paper establishes that prehistoric geographical isolation has generated a persistent beneficial effect on the course of economic development and contributed to the contemporary variation in economic development across the globe. Contrary to the conventional wisdom, the analysis uncovers a statistically significant and robust positive effect of the degree of isolation in the Old World, prior to the advent of sea-faring and airborne transportation technologies, on contemporary economic development, overshadowing the adverse effects of isolation via diminished technological diffusion and international trade. Preliminary findings suggest that the beneficial effect of prehistoric geographical isolation appears to diminish with the degree of isolation, lending credence to the conjecture that within the context of a larger geographical area, there may be an optimal level of isolation for a given set of country-specific characteristics. (1978); (ii) the geographic isolation for a given country is the average number of weeks required to travel by foot along land-based routes to the country's capital from all other locations in Africa and Eurasia; (iii) distance to the regional frontier is the land-based distance (in 1000s of km) to the closest of six technological frontiers in the Afro-Eurasian landmass as identified by Ashraf and Galor (2008b) ; (iv) the control for other frontiers is the average distance to all but the closest of these six technological frontiers; (v) transition timing is the number of years (in 1000s) elapsed since the occurrence of the Neolithic Revolution as reported by Putterman (2008) ; (vi) total land area and its arable percentage are for the year 2000 CE as reported by the World Development Indicators database; (vii) absolute latitude is the absolute value of the latitude of a country's centroid from the CIA's World Factbook; (viii) the control for proximity to waterways is the percentage of land within 100 km of the nearest ice-free coast or sea-navigable river as reported by Gallup et al. (1999) ; (ix) the excluded continental category in regressions (4)-(6) is Africa; (x) heteroskedasticity robust standard error estimates are reported in parentheses; (xi) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests. Notes -(i) income per capita data is from the World Bank's World Development Indicators database; (ii) the geographic isolation for a given country is the average number of weeks required to travel by foot along land-based routes to the country's capital from all other locations in Africa and Eurasia; (iii) aerial isolation for a given country is the average aerial distance, from all other capital cities of the world, to the given country's capital city; (iv) transition timing is the number of years (in 1000's) elapsed since the occurrence of the Neolithic Revolution as reported by Putterman (2008) ; (v) total land area and its arable percentage are for the year 2000 CE as reported by the World Development Indicators database; (vi) absolute latitude is the absolute value of the latitude of a country's centroid as reported by the CIA's World Factbook; (vii) the control for proximity to waterways is the percentage of land within 100 km of the nearest ice-free coast or sea-navigable river as reported by Gallup et al. (1999) ; (viii) executive constraints is the 1960-2000 average of a yearly index from the Polity IV dataset measuring the extent of institutionalized constraints on the decision making powers of chief executives; (ix) the legal origin dummies and shares of major religions in the population are from La Porta et al.(1999) ; (x) fractionalization, as reported by Alesina et al. (2003) , is the probability that two individuals selected at random from the population will belong to different ethnic groups; (xi) malaria risk reflects the percentage of the population at risk of contracting falciparum malaria from Gallup and Sachs (2001) ; (xii) the excluded continental category in regressions (4)- (7) is Africa; (xiii) heteroskedasticity robust standard error estimates are reported in parentheses; (xiv) *** denotes statistical significance at the 1% level, ** at the 5% level, and * at the 10% level, all for two-sided hypothesis tests. ‡ in thousands of km. § 0 = historical sample only; 1 = both historical and contemporary samples.
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